In recent years, the problem of air pollution in cities has significantly increased. According to the latest ranking published by the World Health Organization (WHO), there are 36 Polish urban centres among 50 European cities with the highest concentration of PM 2.5 particulate matter. In order to improve the situation, corrective and preventive actions can be taken. The first of these mainly include the shift towards more ecological fuels and increasing the biologically active area. The second group includes, among others optimizing existing planning documents. From the point of view of the location of buildings, in particular industrial plants, the most favourable are the highest areas, where the dust generated as a result of fuel combustion can be dispersed much faster. Unfortunately, the applicable provisions of Polish law do not impose an obligation to include terrain elevation in spatial planning. The growing problem of smog has stimulated the analysis of planning documents for selected Polish cities from the list published by the WHO taking DTM into consideration. First of all, on the basis of DTM, three zones (unfavourable, advantageous and very favourable) were determined for each of the test areas from the point of view of the location of buildings. Then an index was established, which was called the Elevation Planning Potential that allows to determine whether and to what extent there are possibilities to make beneficial changes from the point of view of air quality in planning documents taking into account the terrain shape. It takes into consideration both information from DTM and data determined on the basis of urban planning documents covering the existing development and land-use as well as planned spatial development directions. The solutions developed can significantly improve the air quality in cities by optimizing the location of new buildings. In this paper the results are presented for the Żywiec commune.
INTRODUCTION
The problem of air pollution in cities is not a new subject, however, it is getting more and more serious every year. High concentration of various human activities is the reason for increasing the emission of various types of pollutants. Urban agglomerations are currently struggling with the problem of high concentrations of some chemical compounds e.g.: carbon monoxide, sulphur-and nitrogen oxides, some heavy metals and in some cases polycyclic aromatic hydrocarbons (Lim et al., 2005; Calori et al., 2006; Mediavilla-Sahagún, ApSimon, 2006; Oxley et al., 2009; Buchholz et al., 2013) . As a result, the morbidity of asthma and other respiratory diseases increases. Especially dangerous to our respiratory tracts is particulate matter of a very small size (less than 2.5 μm), because it can easily get deep into lungs or even get into bloodstream (Sierra-Vargas, Teran, 2012) . The negative impact of individual chemical compounds on the quality of urban air depends on several individual factors such as: emission field characteristics, location, topography, meteorology, etc. The influence on the structure of pollutants, their spatial distribution and values have two main factors (Holnicki et al., 2017) .
The first of these is related to the use of coal as fuel burned for heating used in residential sector. The reason for the increased emission of pollutants is usually low quality of the fuel burned, improper combustion, outdated or inefficient heating installations and lack of proper insulation of buildings. As a result into the atmosphere particulate matter pollution (especially PM 2.5 ), CO, SO X , some heavy metals and B(a)P are released (Rogula-Kozłowska et. al., 2013) . In particular, the latter is a big problem in Poland (EEA, 2018) . World Health Organization (WHO) published a ranking, in which 36 out of 50 urban centres in Europe with the highest PM2.5 concentration are in Poland (WHO, 2016) . One of the most polluted cities is the former capital of Poland -Cracow. This results from the overlap of a number of unfavourable conditions: topography (the city is located in the valley of the Vistula River), urban planning (closing of aeration channels impeding the exchange of air) or atmospheric (frequent occurrence of wind silence) (Jędruszkiewicz et al., 2016; MONIT-AIR, 2016) . In order to improve the situation, it is necessary to implement a comprehensive strategy for the modernization of heating installations, in particular in residential single-family houses. The Polish Ministry of the Environment is currently promoting the "Clean Air" program, under which it is possible to obtain co-financing for building insulation, replacement of old windows or purchase of a low-emission heating boiler (Ministry of Environment, 2019). Another way for improvement is to strive to increase the percentage of biologically active area, for example by using green roofs (Saadatian et al., 2013; Hulicka, 2015) .
The second factor is connected with the constantly growing number of motor vehicles on public roads. The increasing traffic has the largest share in total NO X emissions and a significant contribution to Pb, CO, C 6 H 6 (EEA, 2018; Dimitriou, Kassomenos, 2014; Kiesewetter et al., 2014) . As repair activities, it is possible to indicate the construction of intersections with circular traffic, modernization of public transport by introducing hybrid and electric buses, creating a network of interchange stations (Park & Ride) or exclusion from the automotive traffic of individual parts of the city (Holnicki et al., 2017) . However, the above-mentioned actions aimed at reducing the amount of pollutants entering the atmosphere have a more corrective character than a preventive one. To prevent this phenomenon, solutions should be implemented already at the urban planning stage. Particular emphasis in recent years has been placed on creating new and securing existing aeration channels. For large urban agglomerations, they are of key importance in the process of ensuring proper air circulation (Michalik et al., 2017) .
In general, the problem of air pollution mainly occurs in large urban centres, which has been already the subject of many studies (e.g. Calori et al., 2006; Mediavilla-Sahagún, ApSimon, 2006; Buchholz et al., 2013; Rogula-Kozłowska et. al., 2013; Jędruszkiewicz et al., 2016; MONIT-AIR, 2016; Holnicki et al., 2017) . Unfortunately, this issue also applies to smaller towns located in mountainous areas. At nights with low horizontal pressure gradient a mountain breeze in the valley leads to accumulation of air pollution in the surface layer (Hertig, Wanner, 1984; Baumbach, Vogt, 1999; Lang et al., 2015; Chiliński et al. 2016 ). Topography of the area is the main factor affecting the movement of pollutants to higher troposphere levels (Carvalho et al., 2006) . The concentration of pollutants diminishes considerably with increasing altitude above ground level. Survey made with measurement device attached to cable car wagons showed that higher values occur both at night and during the day (Zawadzka et al., 2017) . This is related to the increase in wind speed as the altitude increases above ground level (MONIT-AIR, 2016). In effect the dust generated as a result of fuel combustion can be dispersed much faster. From the point of view of the location of buildings, in particular industrial plants, the most favourable are the higher areas.
STUDY AREA
The research area is located in Poland in the southern part of the Silesian province. Due to the fact that the analyzed planning document is adopted by the Commune Council, the research area must close within the administrative boundaries of the given unit. The analysis was carried out for the area of the City of Żywiec. According to the physico-geographical regionalization of Poland against the background of the division of Europe, this region is located in the Western Beskids macro region, which belong to the province of Western Carpathians. According to the aforementioned division, in the Western Beskids macro region one can distinguish among others: the Żywiecka Basin and the surrounding mountain ranges: from the south-east the Beskid Żywiecki, the Silesian Beskid from the west, the Beskid Mały from the north and the Beskid Średni from the east, also called Makowski (Żywiec, 2019). As you can see, the location of the city from the point of view of air pollution due to the surrounding mountain ranges is very unfavourable. Location of the study area in relation to Polish borders is shown in Figure 1 . 
Digital Terrain Model
In the paper DTM in the form of GRID with a grid interval of 100 m was used. It is distributed free of charge by the Main Office of Geodesy and Cartography pursuant to art. 40a paragraph 2 of Act on Surveying and Cartographic Law (Act, 1989) . Unfortunately, despite the fact that legal provisions introducing the obligation to publish data sets with a description in the form of metadata (the INSPIRE Directive) have been in force for some time, the materials on the website do not contain either information on the origin of data or their accuracy (GUGiK, 2019) . However, taking into account the macro scale of the air pollution phenomenon, the use of generally available data is quite sufficient.
Urban Planning Documents
The research was based on the official, planning document called the Study of Conditions and Directions of Spatial Development (SCDSD) adopted by the City Council of Żywiec on 30 October 2014 (Żywiec, 2014) . It describes the conditions for the city's development along with the spatial development directions and the justification of the adopted solutions. This document binds municipal authorities when adopting Local Spatial Development Plans (Act, 2003) .
METHODS
Modelling the spread of air pollutants is a very complex issue. Over the years, many different prognostic models have been developed, but the choice of the right one for a specific case is crucial in order to properly estimate the propagation of pollutants (Leelossy et al. 2014) . Another issue is the structure of the input data itself (emission, meteorological, topographic, physiographic) and the issue of their accuracy. They are a very important source of potential uncertainty of generated forecasts.
An analytical description of the processes of pollution spread (transport, dispersion, deposition, physico-chemical changes) introduces an even wider range of uncertainty (Holnicki, 2011) .
With such complexity, modelling should be preceded by an expensive and long-lasting process of collecting the necessary data. For this reason, based on previous studies, a simplified approach has been proposed which can be successfully applied to any area.
As mentioned in introduction, the wind speed increases as the altitude increases above ground level. For a height of up to 10 meters above ground level, it is additionally limited by the presence of buildings and trees. In the wooded areas, the weakening of wind speed is not a big problem, because green areas affect the speed of deposition of pollutants emitted within them, limiting their negative effects. However, if the wind speed limit results from the presence of urban development, then in such areas an attempt should be made to significantly reduce emissions (MONIT-AIR, 2016). This paper proposes a method for assessing the potential of possible changes in existing planning documents. The aim was to develop a synthetic indicator enabling quantitative evaluation of results. The SCDSD of Żywiec City was analyzed. All spatial analyzes were performed in the QGIS software released under the GNU GPL license (QGIS, 2019). The research methodology consists of several successive stages.
Determining zones based on DTM
On the basis of DTM the research area has been divided into three zones: unfavourable (zone 1), advantageous (zone 2) and very favourable (zone 3). The first one includes the lowest located areas in a given commune. The limit value here is the average height calculated on the basis of the values of all individual grid cells of DTM. In the case of the second zone, the arithmetic mean is the limit value considering the minimum and maximum value of the height within a given area. The third zone is the area above this value.
Analysis of planning documents
Based on the SCDSD findings, areas designated for various types of housing have been defined: single-family and multifamily housing, service, hotel, guest house, production, storage and warehouse. The specified areas cover both existing and planned development. For this reason, they were reduced by invested and built-up areas, also established on the basis of SCDSD. Then, potential areas were defined, which purpose could be changed for development. Agricultural land was taken into account, including those with an indication for forestation due to the low soil quality class.
Calculation of Elevation Planning Potential Index
First, the surfaces of individual layers originating from SCDSD were determined, divided into zones created on the basis of DTM. Next Elevation Planning Potential Index was calculated. It is created by dividing the area of agricultural land included in the second and third zone through the surface of the designed development areas located in the first zone. It is determined by the formula (1). Its values are non-negative percentages. A value of 0% means that the planning documents can not be optimized. A value greater than 100% means that the area of high-land agricultural areas exceeds the area of low-lying areas designated for development. where EPPI = Elevation Planning Potential Index A a_23 = Area of arable land in zone 2 and 3 A af_23 = Area of land for afforestation in zone 2 and 3 A d_1 = Area intended for development in zone 1 A e_1 = Area of existing development in zone 1
RESULTS
Two threshold values separating individual zones have been calculated based on DTM. The first one is the average height within the research area determined on the basis of all grid cells. Its value was 400 m above sea level. The second one, 596 m, is the average height calculated from the minimum (338 m) and maximum (853 m) altitude in a given municipality. The height range of each zone has been compared in Table 1 . The zones are illustrated in Figure 2 . When analyzing the information included in Table 2 , it can be seen that the majority of agricultural and intended for forestation land is located in the second zone (50.6% and 71.1% respectively). The situation is different in the case of existing development. The major part of the layer is located in areas below the average height (zone 1). The situation is similar in the case of areas planned to be invested. The reason for this is locating buildings in the immediate vicinity of watercourses already at the stage of formation of individual human settlements. Rivers, due to the impact of gravity, always head towards the bottom of the valley. As the city develops, the buildings are located at an increasing distance from the watercourse. However, it may turn out that areas located at different altitudes may be at a similar distance. As mentioned in the introduction, the areas that are higher from the point of view of pollution dispersion are the most favourable. Urban planning goal is to maintain spatial order and set directions for the development of the commune. For this reason, it is important to consider the terrain shape at the stage of planning the development of a given town. Unfortunately, no such statutory obligation has been introduced in Polish law up to the present day. In order to try to improve the situation, first there is need to analyze existing planning documents to determine the scope of potential changes. The Elevation Planning Potential Index (EPPI) established in this paper allows to define the scope of potential changes. Using the formula (1) for the analyzed Żywiec commune, the EPPI was fixed at level 26.6%. The conclusion is that the scope of potential changes in the analyzed planning documents is quite wide.
CONCLUSIONS
Empirical studies have shown that the wind force is proportional to the height above the ground level. In the ground zone it may be additionally limited by buildings and high vegetation (MONIT-AIR, 2016). Wind blowing is an important factor that contributes to the faster dispersion of air pollution generated by the combustion of fuels for heating purposes. As a result, there is a problem with smog occurring not only in large cities, but also in small towns located in mountainous areas (Zawadzka et al., 2017) . The paper focused on the latter case and proposed a method for assessing existing planning documents from the point of view of introducing changes to improve dispersion of pollution. Unfortunately, the current provisions of Polish law do not impose an obligation to take into account terrain elevation in spatial planning (Act, 2003) . As a result, 82.3% and 78.2% of the built-up areas and areas designated for development, respectively, are located in areas below the average height within the analyzed Żywiec commune. In order to obtain a quantitative evaluation of the results, a synthetic index was developed to identify the potential of potential changes in planning documents. It is called the Elevation Planning Potential Index and is calculated as the ratio of the agricultural and intended for forestation land found in advantageous and very favourable zones to built-up areas located in unfavourable zone. The obtained value of EPPI = 26.6% means that in the case of more than a quarter of the areas designated for the development, it is possible to select higher and therefore more favourable areas. In the case of the described study area, there are no agricultural areas or areas for afforestation located in zone 3. However, in the case of their occurrence, they should be treated as a priority when creating a project of planning documents. The analyzes omit the economic aspect related to the soil classification and the costs of any compensation to landowners in connection with the change of planning documents. However, taking into account the potential benefits in the form of cleaner air within the city and reducing the costs of building a sanitary sewage system through limiting the construction of pumping stations, it can be assumed that they compensate to some degree.
